Background: Body weight (BW) reduction through energy restriction is ineffective at impacting the obesity epidemic. Shifting from an obesity treatment to weight gain prevention focus may be more effective in decreasing the burden of adult obesity.
Background
More than two-thirds of adults and nearly two-thirds of women in the United States remain overweight and obese, even as the prevalence of overweight and obesity has stabilized in recent years [1] . Energy restriction and other methods to induce body weight (BW) reduction are popular and widely promoted [2, 3] . While a variety of approaches result in short-term weight loss success [4] [5] [6] [7] [8] [9] [10] [11] , none of these methods have significantly impacted the obesity epidemic by permanently reducing BW over the long term for a significant amount of people [2, 4, [12] [13] [14] [15] [16] . In fact, among individuals who have achieved weight loss, most return to initial weight status within three to five years following weight loss [13] [14] [15] , and one-third to two-thirds of these individuals will regain more weight than was initially lost [4] . Even individuals who undergo bariatric surgery gradually regain weight over time [17, 18] . Therefore, new prevention or treatment efforts and solutions to reduce the burden of adult obesity are necessary.
One such alternative may be shifting from a weight loss treatment approach to a weight gain prevention and health promotion approach. Weight gain prevention may also be referred to as weight maintenance and literally implies no change in BW. Unlike weight loss, which is relevant only for individuals with excess BW, weight gain prevention is applicable for individuals regardless of BW status. In individuals of normal weight, overweight or obesity, weight gain prevention can help manage current diseases and related risk factors [19] , prevent the development of metabolic abnormalities and prevent the progression to overweight and/or obesity [20] . While other health indicators, such as blood pressure and blood lipid levels, may be improved with weight loss, these benefits may be mitigated with weight regain. However, positive behavior changes have been shown to result in similar improvements in blood pressure [20] [21] [22] [23] [24] and blood lipid levels [20, 21, [24] [25] [26] , even in the absence of weight change.
Research investigating weight gain prevention interventions is limited [27] [28] [29] [30] [31] [32] [33] [34] [35] , and few studies have found significant effects of interventions on preventing weight gain [27, 34] . Study populations have differed by gender (female only or males and females), BW status (normal weight only, normal and overweight, overweight and obese only), and intervention (newsletters, group education, individual counseling). As determinants of weight gain prevention may differ between men and women [3, [36] [37] [38] , the current study aimed to examine weight gain prevention in premenopausal women participating in a 1-year randomized controlled trial of weight gain prevention that included nutrition education. Women randomized to nutrition education intervention groups were hypothesized to maintain current BW, within ±3 % [39] , over the 1-year intervention period as compared to a control group. Further, it was hypothesized that women randomized to a nutrition education group led by registered dietitians would have lesser weight gain over the 1-year intervention period as compared to women randomized to an identical nutrition education group led by counselors with no formal nutrition training.
Methods

Participants
Premenopausal women with a body mass index (BMI) of >18.5 kg/m 2 and aged 18-45 years were recruited from the Urbana-Champaign communities and surrounding areas of Illinois. Full details regarding recruitment, screening and enrollment have been previously described along with complete inclusion and exclusion criteria [40] . Briefly, women were eligible to participate if they met age and BMI criteria and desired to prevent weight gain. Women were excluded if they were amenorrheic; presented with depressive symptomology as suggested by a score of >50 on the Zung Self-Rating Depression Scale/Status Inventory [41] ; self-reported cardiovascular, metabolic or musculoskeletal abnormalities or used medications to manage such conditions; used supplements and/or medications that may influence BW regulation; had undergone weight loss surgery; or were currently pregnant, lactating or planning to become pregnant.
The Institutional Review Board (IRB) for the Protection of Human Subjects at the University of Illinois at UrbanaChampaign approved the study protocol (IRB#14397). Each participant provided written informed consent prior to participating in the study.
Study design and intervention
This was a 1-year parallel-arm randomized controlled trial of weight gain prevention that was conducted between August 2014-August 2015. The definition of within ±3 % change in BW from baseline, proposed by Stevens and colleagues [39] , was used as the a priori criterion for weight gain prevention, with change of > ±3 % in BW as non-weight maintenance. After enrollment, participants were randomly assigned to a control group (CON), a weight gain prevention intervention delivered by a registered dietitian (RDG), or a weight gain prevention intervention delivered by a counselor (CSG). The weight gain prevention interventions delivered to the RDG and CSG were identical in content and materials, but differed in the credentialing of the group leader. Women randomized to the CON received no intervention.
Full details of the intervention have been described elsewhere [40] . Women in the RDG and CSG attended a total of 24 nutrition education sessions over the course of the 1-year intervention period. All sessions were 1-h in length and emphasized portion control, planning ahead and vegetable consumption [42, 43] . For the first 16 weeks of the intervention (months 1-4), participants attended weekly sessions; for the remaining 8 months of the study (months 5-12), participants attended monthly sessions [44] . Weekly sessions focused on general nutrition education topics, including basic nutrition and food groups, food selection and preparation, recipe modification, nutritious snack choices and snacking and nutrient density, among others, while monthly sessions addressed other areas of lifestyle behavior such as stress management, problem solving and motivation [40, [42] [43] [44] [45] [46] [47] . Six session times were offered each week/month per group. Participants were permitted to attend the session day and time that worked best for them during the respective week/month. Dates, times and building location were matched between RDG and CSG to ensure all participants had the same opportunities to attend sessions.
Education sessions were randomly selected for process evaluation using investigator-established criteria to assess fidelity; all selected sessions were evaluated by the same process observer. The number of participants attending each session was recorded, as was the start and end time. The fidelity checklist included educator-oriented items along with content-related items. The process observer rated the educator using a 'yes/no' rating system on items such as preparedness, familiarity, accuracy and ability to respond appropriately to questions. A comment box was also used to note general feedback on these items as deemed relevant by the process observer. Content-related items addressed whether underlying key concepts (portion control, vegetable consumption, planning ahead) and problem-solving were covered. The process observer also recorded comments regarding challenges or difficulties of the education sessions (i.e., technological problems, outside distractions). These evaluations assessed whether content for each session was presented and delivered appropriately and that all session activities were completed.
Four female registered dietitians with <5 years of experience delivered the intervention to RDG participants. Four female graduate teaching assistants from the University of Illinois at Urbana-Champaign in programs not related to nutrition and dietetics delivered the intervention to CSG participants. Counselors were trained by one registered dietitian, including a code of conduct, before the start of the intervention. At least one week in advance of each session, all leaders were provided with the PowerPoint slides and script that included directions for session activities. Counselors also met with the registered dietitian to receive a brief overview of session handouts and activities and to have any questions answered.
To eliminate the potential for leader bias or participant attachment to a particular dietitian or counselor, education leaders rotated through class days and times to ensure equal interactions between participants in each group and each of the four respective group leaders. Compliance with the intervention was defined as attending >85 % of education sessions. For women who could not attend an education session, a virtual make-up session (PowerPoint slides and supporting materials), accompanied by a short quiz, was offered. Women were deemed compliant if the quiz was accurately completed and returned to the primary investigator. Women were not informed of the credentials of session leaders until completion of the 1-year intervention.
Testing sessions
During the 1-year intervention, women participated in testing sessions (between 7:00 and 9:30 AM) before the intervention (baseline) and at month 3, month 6, month 9 and month 12. Anthropometric measurements, blood pressure, dietary intake, physical activity and biochemical markers of health were collected at each measurement interval. Upon completion of each testing session, women received a $10 gift card.
Anthropometrics
A calibrated scale-mounted stadiometer (Seca 700, Hanover, MD, USA) was used to measure standing height (cm). Body weight (BW;kg), fat mass (FM;kg) and body fat percentage (BF%) were measured using a calibrated scale (Tanita 410GS, Arlington Heights, IL, USA). Height and BW measurements were used to calculate BMI (kg/m 2 ) for each participant. Two measurements each of waist circumference (cm) and hip circumference (cm) were taken to the nearest 0.1 cm using a retractable measuring tape (Gulik II, Country Technology, Inc, Gay Mills, WI) and averaged. Waist circumference was measured at the narrowest point of the waist, approximately one inch above the navel, and hip circumference was measured at the widest part of the buttocks [43] . Waist and hip circumference measurements were used to calculate waist-to-hip ratio. One research team member conducted all height and BW measurements at all time intervals, and a second research team member performed all waist and hip circumference measurements at all time intervals.
Blood pressure
A trained study investigator measured seated systolic and diastolic blood pressure (mm Hg) using a standard sphygmomanometer (Baumanometer®Desk Model, Copiague, NY, USA) at all testing sessions. Two blood pressure readings were taken with a 2-3 min rest period between readings; the average systolic arterial pressure and average diastolic arterial pressure were recorded. Resting heart rate was also measured by pulse palpitation following a 5-min rest period.
Dietary intake
Four-day food records were used to estimate dietary intake. In the week before each testing session, participants recorded all foods and beverages, including portion sizes, consumed for three weekdays and one weekend day [40] . The Nutrition Data System for Research dietary analysis software (Nutrition Coordinating Center, Minneapolis, MN, USA) was used to analyze food records to estimate average daily intake of total energy (kcal/day), carbohydrate (g/day; %), protein (g/day; %), fat (g/day; %), fiber (g/day) and food groups (svgs/day).
Physical activity
The Stanford 7-Day Physical Activity Recall Scale [48] was used to estimate physical activity. For seven consecutive days before each testing sessions, participants recorded the number of hours spent engaged in moderate, hard, and very hard activities, screen time (television, computer) and hours slept [48] . Minutes of physical activity per day were estimated by summing total minutes of moderate, hard, and very hard activity and dividing by seven.
Calories expended per day were estimated by converting activities into metabolic equivalents (METs; hr/d) [40, 43] .
Biochemical markers of health
Venous blood samples were collected from each participant following a 12-h fast by a trained phlebotomist. Whole blood sat at room temperature for ≤60 min, after which samples were centrifuged at 1252 × g for 10 min at room temperature. Serum was stored at −80 0 C until completion of bioassays for glucose, insulin, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), total cholesterol and triglycerides (TG).
Spectrophotometry was used to measure serum glucose (mg/dL), total cholesterol (mg/dL), HDL-C (mg/dL) and TG (mg/dL) concentrations (all Stanbio Labs Boerne, TX, USA). Total cholesterol, HDL-C and TG concentrations were used to calculate LDL-C concentration (mg/dL) using the equation: LDL-C = total cholesterol -HDL-C -(TG/5) [49] . Enzyme-linked immunosorbent assay was used to measure serum insulin (μU/mL; LINCO Research, St Charles, MO, USA). All serum samples were analyzed in duplicate for each study interval. Intra-assay coefficients of variations for serum glucose, total cholesterol, HDL-C and TG were 5.2, 5.4, 4.9 and 7.2 %, respectively.
Statistical analyses
A 3x5 (3 treatment groups x 5 time intervals) analysis of covariance (ANCOVA) with repeated measures on the time factor was used to assess differences in outcome measures between and within treatment groups. Baseline age, BW and BMI were different between the three groups (RDG, CSG and CON) and entered as covariates in all analyses examining effects of intervention. If sphericity was violated, the Greenhouse-Geisser correction was used. The interaction of group (treatment) x interval (time) was assessed if a main effect of group or time was detected. Bonferroni adjustments for multiple comparisons were completed when significant group, time or group x time interactions were found. All participants completing baseline testing (n = 81) were included in the intention-to-treat analyses, and the last observation carried forward approach was employed. A secondary efficacy analysis of only study completers also was conducted (n = 48).
Before conducting data analyses, outliers were identified for each outcome variable using the outlier labeling rule [50, 51] and excluded from all analyses specific to that variable. All data analyses were conducted using the Statistical Package for the Social Sciences (version 22.0, 2013, IBM Corp, Armonk, NY, USA). Statistical tests were two-sided, and significance was set at P < 0.01.
Results
Of the 330 women that responded to recruitment efforts between June-August 2014, 266 women met prescreening criteria and were sent additional screening materials and informed consent, which were returned by 146 women [40] . After review of materials by investigators, 102 women met eligibility criteria, and 97 of these women attended an informational session. Figure 1 displays the flow diagram of enrollment and study completion of women in the current randomized controlled trial of weight gain prevention. Eighty-seven women were enrolled and randomized to the RDG (n = 29), CSG (n = 29) or CON (n = 29) group. Baseline testing was completed by 81 healthy premenopausal women (White, non-Hispanic, n = 53; Black, non-Hispanic, n = 10; Asian, n = 8; Non-white Hispanic or Latino, n = 4; Other, including multiracial, n = 6). Seventy-one women completed month 3 testing, 62 women completed month 6 testing, 60 women completed month 9 testing, and 48 women completed month 12 testing. The 81 women completing baseline testing (mean ± SD, age: 31.4 ± 8.1 y; BW: 76.1 ± 19.0 kg; BMI: 27.9 ± 6.8 kg/m 2 ) were included in intention-to-treat analyses. Women who completed the intervention (n = 48; mean ± SD, age: 33.4 ± 7.2 y; BW: 79.7 ± 19.7 kg; BMI: 29.5 ± 7.2 kg/m 2 ) were significantly older (P < 0.01) as compared to women who did not complete the intervention (n = 33; mean ± SD, age: 28.4 ± 8.6 y; BW: 70.7 ± 17.0 kg; BMI: 25.6 ± 5.6 kg/m 2 ); study completers also were heavier as compared to women who did not complete the study, but this was not significant (P > 0.01). When controlling for baseline age, BW and BMI, group assignment did not have an effect on participant dropout (P > 0.01).
Weight gain prevention
Approximately 62.0 % of the original sample (n = 50) and 56.3 % of completers (n = 27) maintained BW (±3 %) over the intervention period. Using intention-totreat analysis, 65.0 % of the RDG (n = 17), 65.5 % of the CSG (n = 19) and 53.8 % of the CON (n = 14) group met weight gain prevention criteria and were classified as successful. This distribution was similar among completers with 63.6 % of the RDG (n = 7), 56.3 % of the CSG (n = 9) and 52.4 % of the CON (n = 11) group meeting weight gain prevention criteria (P > 0.01).
Process observation and education session compliance
Twenty-two RDG and 17 CSG education sessions were observed. On average (±SD), sessions lasted 39.1 (±11.1) min; however, RDG sessions were significantly longer than CSG sessions [43.3 (±9.2) vs. 33.5 (±11.2) min, P < 0.01]. On average (±SD), 2.9 (±1.6) participants attended each session, and this did not differ between groups. Based on the fidelity checklist, participants in both groups were equally engaged in education sessions, and vegetable consumption, portion control and planning ahead for food intake were addressed equally across all sessions.
The process observer perceived that the registered dietitians were more likely to give specific scenarios and reinforce points made in various education sessions than counselors. Additionally, the process observer perceived that counselors tended to read from the script, while registered dietitians were more familiar with the topics and able to discuss without relying on supporting materials.
Weekly, monthly and overall compliance did not differ by group assignment. Compliance was defined as attendance at >85 % of education sessions (14/16 for weekly sessions, 7/8 for monthly sessions, 21/24 overall). Using this criteria, 88.6 % (n = 39) of women randomized to the RDG and CSG who were still enrolled after 16 weeks (n = 44) were deemed compliant with weekly attendance (RDG = 20; CSG = 19), and 81.5 % (n = 22) of the RDG and CSG who completed the intervention (n = 27) were compliant with monthly attendance (RDG = 10; CSG = 12). Overall, 88.5 % (n = 23) of women who were randomized to the RDG and CSG and completed month 12 testing (n = 27) were compliant (RDG = 10; CSG = 13).
Anthropometric measurements
There were no significant group differences for BW, BMI, FM, waist circumference, hip circumference or waist-to-hip ratio (Table 1) . BF% was significantly lower in the RDG compared to the CSG and CON groups at all intervals. Women in all groups were able to prevent gains in BW, BMI, FM, BF%, waist circumference, hip circumference and waist-to-hip ratio over time, and there was no time effect for these anthropometric measurements. Results were similar with efficacy analysis (data not shown); however, the P-value for group differences in BF% increased to P < 0.01 (P < 0.001 for intention-to-treat analysis).
Blood pressure
Group assignment had no significant effect on resting heart rate, systolic blood pressure or diastolic blood pressure (Table 2 ). Significant changes in systolic blood pressure were observed over time within the CON group from month 6 to 9 (↑2.4 %) and month 6 to 12 (↓2.7 %); these changes were significantly different from the RDG (↓5.6 %, 6 to 9 month; ↓1.2 %, 6 to 12 month) and CSG (↓2.3 %, 6 to 9 month; ↓2.0 %, 6 to 12 month) groups {group x time interaction [F(7.1, 264.5) = 2.7, P < 0.01]}. The efficacy analysis revealed a significant increase in systolic blood pressure (P < 0.01) for the CON group from month 6 to 9 (data not shown). The group x time interaction for systolic blood pressure was no longer significant in the efficacy analysis.
Dietary intake
Dietary intake data are displayed in Table 3 . Estimated carbohydrate intake (%) was 7.7 % more in the RDG vs. a Reasons for withdrawal in RDG: family emergency (n=1 before baseline testing, n=1 before month 3 testing, n=2 before month 12 testing), lost to follow up (n=2 before baseline testing, n=1 before month 6 testing, n=1 before month 12 testing), moved out of the area (n=6 before month 12 testing), pregnancy (n=1 before month 9 testing, n=1 before month 12 testing), time (n=2 before month 3 testing); 1 participant in the RDG did not attend the month 6 testing session due to a family emergency, but completed all remaining testing sessions; 1 participant in the RDG did not attend the month 9 testing session due to a family emergency, but completed all remaining testing sessions.
b Reasons for withdrawal in CSG: lost to follow up (n=1 before month 6 testing, n=1 before month 12 testing), moved out of the area (n=1 before month 9 testing, n=2 before month 12 testing), personal health issues (n=1 before month 9 testing), time (n=4 before month 3 testing), uncomfortable with study (n=1 before month 3 testing), undisclosed (n=1 before month 3 testing), Zung >50 (n=1 before month 12 testing). Reasons for withdrawal in CON: family issues (n=1 before month 12 testing), moved out of the area (n=1 before month 12 testing), pregnancy (n=1 before month 6 testing), time (n=3 before baseline testing, n=1 before month 3 testing), Zung >50 (n=1 before month 6 testing); 3 participants in the CON did not attend month 9 testing (illness n=2, time n=1), but returned for month 12 testing CON group at month 9, and estimated fat intake (%) was significantly less in the RDG vs. CON group and CSG vs. CON group at month 3 (by 10.0 %) and 9 (by 8.1 %), respectively. Estimated protein intake (%) did not differ between groups. Estimated total energy intake, total and % carbohydrate, total and % protein, total and % fat and total fiber did not change significantly over time.
Estimated servings of fruits, vegetables, whole and refined grains, lean meats and non-meat protein sources and low-fat and fat-free dairy did not change over time. Fruit intake was significantly more in the RDG vs. CON group at months 3 (by 0.7 svgs/d), 6 (by 1.0 svgs/d), 9 (by 0.9 svgs/d) and 12 (by 0.7 svgs/d). Intake of nonmeat protein sources was significantly less in the CSG (by 1.5 svgs/d) and CON (by 1.0 svgs/d) groups as compared to the RDG group at month 3. Group x time interactions were not found for any macronutrients or food group servings. The efficacy analysis revealed no significant differences in macronutrient or food group serving intakes between groups or over time (data not shown).
Physical activity
Total energy expenditure did not significantly change over time and was not significantly different by group (Table 3) . Results from the efficacy analysis (data not shown) were congruent with intention-to-treat findings.
Biochemical markers of health
No significant group differences were observed for total cholesterol, HDL-C, LDL-C, TG, glucose or insulin concentrations, and there were no significant changes for any of these biomarkers over time (Table 4) . Similar results were found with the efficacy analysis (data not shown). 
x T = NS
P-values using analysis of covariance, adjusted for baseline age, body weight and body mass index, with repeated measures on the time factor, using P < 0.01 for statistical significance; data presented as adjusted means ± standard error of the mean a different from RDG G x T = group x time interaction; NS = not significant
Discussion
This randomized controlled trial aimed to prevent weight gain in healthy premenopausal women over one year and to compare the effects of an intervention delivered by a registered dietitian to a counselor on weight gain prevention in the same sample of women. Although women randomized to a nutrition education intervention were able to maintain BW within ±3 %, women who did not receive a nutrition education intervention also were able to maintain BW within ±3 %. Despite neither hypothesis being supported, approximately 62 % of women enrolled in the study were able to maintain BW over the 1-year intervention. Though a greater percentage of women in the RDG group (65 %; mean ± SD absolute BW change: 1.4 ± 2.9 kg; mean ± SD relative BW change: 0.79 ± 1.6 %) and CSG (66 %; mean ± SD absolute BW change: 0.50 ± 3.2 kg; mean ± SD relative BW change: 0.41 ± 2.3 %) were successful in weight gain prevention as compared to the CON group (54 %; mean ± SD absolute BW change: 0.71 ± 3.8 kg; mean ± SD relative BW change: 0.61 ± 2.6 %), these group differences were not significant. The mean ± SD absolute and relative changes in BW for the entire sample were 0.85 ± 3.3 kg and 0.61 ± 2.6 %, respectively. For the typical participant that met weight gain prevention criteria, mean ± SD absolute BW change was −0.05 ± 1.14 kg and ranged from a relative BW change of −2.7 to 2.7 %. The lack of differences between the three groups demonstrates that women can, in fact, successfully prevent weight gain over one year. However, a large proportion of the population still struggles with weight gain, and further evaluation is needed to have a significant impact on the current obesity epidemic in the United States.
Overall findings from this study related to changes in BW and weight gain prevention are consistent with those of Pound of Prevention [28, 29] , Levine and colleagues [30] and the Groningen Overweight and Lifestyle (GOAL) Study [31] [32] [33] , which found interventions or treatments to have no significant effect on BW over time. In Pound of Prevention, a no-contact control group was compared to a group that received monthly nutrition education via newsletters and a group that received the same nutrition education plus lottery incentives for participation [28, 29] . Over a 3-year period, weight gain (~0.5 kg/y) did not differ significantly between groups [29] , and mean BW gain after one year in women only (~0.7 kg/y) in Pound of Prevention [28] was similar to that of the current study (~0.5 kg/y). Similarly, no effect on BW (~0.8 kg/y increase) in normal weight and overweight women was observed by Levine and colleagues [30] , who compared 15 group education sessions, 15 correspondence education lessons and an information-only control over three years. The GOAL Study randomized overweight and obese men and women with hypertension and/or dyslipidemia to receive usual care from a general practitioner or computer-guided lifestyle counseling from a nurse practitioner [31] [32] [33] . After one year, men randomized to the nurse practitioner group had a significantly greater weight loss (~-2.0 kg/y) as compared to the usual care group (~-0.1 kg/y) [31] , but these differences were not apparent after three years (~-0.7 kg/y) [33] . In women, there was no difference between the two groups at either one year (~-1.4 kg/y) [31, 32] or three years (~-0.8 kg/y) [33] .
When examining the prevalence of weight gain prevention or weight maintenance in the context of a population, Table 2 Resting heart rate and blood pressure measurements of premenopausal women in a 1-year randomized controlled trial of weight gain prevention in which women were randomized to a registered dietitian-led nutrition education group (RDG), a counselor-led nutrition education group (CSG) or a control group (CON) 
.5 G x T = NS
P-values using analysis of covariance, adjusted for baseline age, body weight and body mass index, with repeated measures on the time factor, using P < 0.01 for statistical significance; data presented as adjusted means ± standard error of the mean a different from Month 6 G x T = group x time interaction; NS = not significant it becomes somewhat problematic, as the definition of weight maintenance has not been consistently used. Jeffery and French found that 37 % of participants in Pound of Prevention maintained or lost weight, but investigators did not specify how "maintained" was defined [29] . A similar prevalence of weight gain prevention (40 %) was found by Levine and colleagues [30] , who defined maintenance as at or below ±2 lb of baseline weight. The GOAL Study found a prevalence of 71.4 and 62.7 % at one [31] and three years [33] , respectively, using a definition Table 3 Estimated macronutrient and food group intakes and estimated energy expenditure of premenopausal women in a 1-year randomized controlled trial of weight gain prevention in which women were randomized to a registered dietitian-led nutrition education group (RDG), a counselor-led nutrition education group (CSG) or a control group (CON) (Continued) Table 4 Blood lipid, glucose and insulin concentrations in premenopausal women in a 1-year randomized controlled trial of weight gain prevention in which women were randomized to a registered dietitian-led nutrition education group (RDG), a counselor-led nutrition education group (CSG) or a control group (CON) of <1 % BW gain [31] [32] [33] . The 62 % of women that were classified as successful at weight gain prevention in the current study may be slightly underestimated as the definition used in the current study is more conservative. Women were only classified as weight maintainers if percent BW change was ±3 %; therefore, women who lost >3 % of BW (i.e., "weight losers") were classified as non-weight maintainers.
Only two of the five studies with published results that have examined weight gain prevention have been successful in preventing weight gain over time [27, 34] ; final results of the Study of Novel Approaches to Weight Gain Prevention are not yet available [35] . Age has been identified as a predictor of weight gain prevention [27, 30] which may explain why a low-intensity nutrition education intervention via monthly newsletters was effective in producing a significantly greater BW change over one year when compared to a no-contact control in which the mean age of participants was 45.9 years [27] . The Shape Program [34] compared usual care to a primary care-based medium-intensity behavioral weight gain prevention intervention in premenopausal overweight and obese class 1 black women. Weight change was significantly larger in the intervention group compared to usual care at one year and 18 months; however, there were no differences between groups in any other outcome measures [34] . While findings of the Shape Program were significant, results are limited in generalizability due to race and socioeconomic status of the sample population.
The current randomized controlled trial of weight gain prevention builds upon the strengths and recommendations of previous weight gain prevention trials, but was unique in that it included only women and did not exclude on the basis of BMI (except for underweight). Treatment had a greater effect on weight gain prevention after one year in men in A Pound of Prevention [27] and the GOAL Study [31] [32] [33] which suggests women may need different types or intensities of interventions. Both of these interventions [27, [31] [32] [33] were relatively low in intensity, while the current trial was moderate in intensity. The nutrition education component of the current intervention included group education classes, as previous research has demonstrated that group therapy results in greater weight loss when compared to individual therapy, even among individuals who prefer individual counseling [52] . Jeffery and French [29] previously recommended that more attention should be given to frequency of messages, interactive components and motivational concerns, all of which were addressed in the current randomized controlled trial of weight gain prevention in women.
With further regard to the nutrition education component of the intervention, this is the first trial to test a weight gain prevention nutrition education intervention delivered by a registered dietitian compared to an individual without formal nutrition training. The absence of differences in main outcomes between the RDG and CSG suggests that the two interventions were equally effective in promoting weight gain prevention in this sample of healthy premenopausal women. Similar findings related to the use of peer or lay educators have been observed in programs and interventions aimed at reducing chronic disease risk factors [53] [54] [55] [56] [57] . Although it was hypothesized that the RDG would have less weight gain over time due to the specialized training of registered dietitians, the counselors were trained by a registered dietitian and received all lesson slides and materials, including scripts. These findings are similar to those of Katula and colleagues in which community health workers trained and supported by registered dietitians delivered a 24-month lifestyle intervention that resulted in significant reductions in BW, BMI, waist circumference, glucose, insulin and insulin resistance in individuals with prediabetes [55] . When provided with adequate training by registered dietitians, lay educators may be able to promote outcomes equal to those of registered dietitians. These findings present an opportunity for registered dietitians to expand their sphere of influence by training and supporting lay educators to have an impact on health promotion by providing accurate and credible information. By training these individuals, registered dietitians can help ensure that accurate information is communicated with the public.
As a focus on weight and weight loss has not produced positive long-term results in reducing the obesity epidemic, a continued focus on weight as the primary indicator of health may cause more harm than good by increasing preoccupation with food, increasing the likelihood of weight cycling and decreasing body image and self-esteem [2] . Therefore, collecting and examining other indicators of health, beyond BW and anthropometrics, is warranted. Weight is one component of metabolic health [58, 59] and other indicators of metabolic health should be considered when assessing an overall health status. Even in this sample of women who were overweight, on average, blood pressure, lipid levels and glucose were within normal ranges. Further, lifestyle and behavior changes can positively improve clinical health indicators, even in the absence of weight change [20] [21] [22] [23] [24] [25] [26] . Using only BW or BMI as proxies for health may misidentify healthy overweight and obese individuals as unhealthy and in need of treatment and unhealthy normal weight individuals as healthy and not in need of treatment [2, 58, 59] . Both of these situations may translate into increased healthcare costs through unnecessary treatment or worsening of conditions that were not identified due to the use of BW or BMI as the primary indicators of health. The current trial is one of the few studies to collect clinical health indicators beyond BW and anthropometrics in addition to questionnaires assessing health behaviors [40] . Even though there were no significant findings with regards to other indicators of health, the current study provides insights for future interventions.
While the findings of the current study do not support the a priori hypotheses, there are several explanations for these findings. Weight changes over the course of one year were expected to be relatively small, so the absence of a stronger effect of the nutrition education weight gain prevention intervention is not entirely surprising. As a majority of women in the RDG and CSG successfully prevented weight gain over one year, this is promising that nutrition education may play a role in weight gain prevention over the long term. Although participants did not significantly increase intakes of fiber, fruits, vegetables or whole grains over time, there were no appreciable adverse outcomes related to the biomarkers of health included in this study. Further, similar to Wong and colleagues [60] baseline indicators of health were not clinically abnormal in this population of women. Therefore, lifestyle and behavior changes made during the intervention period, while positive, may not have been large enough to produce a substantial impact [60] . Over time, these sustained lifestyle and behavior changes may result in more clinically meaningful improvements.
The lack of statistically significant findings also may be explained by the Hawthorne or observation effect [61] . Even though women in the CON group did not receive any intervention or information, their BW was assessed, along with a variety of other outcome measures at the same intervals as women receiving the nutrition education intervention. The Hawthorne effect may have resulted in CON participants modifying or altering behavior more so than under different circumstances, which may explain why there were no differences observed between the RDG and CSG compared to the CON. Additionally, women who enrolled in the study may have had more motivation to make lifestyle and behavior changes than individuals who were eligible and chose not to participate. Individuals who may benefit most from this type of intervention may not be adequately represented due to volunteer or selfselection bias [62] .
Another explanation for non-significant findings may be the purposeful rotation of education leaders across education sessions. Providing exposure to multiple educators (i.e., four each) within the specified RDG or CSG group was done to specifically minimize potential effects of a particular educator on participant outcomes resulting from educator-participant bonding or external responsibility or support [63] rather than the intervention itself.
The inclusion of free-living women in this weight gain prevention intervention is a major strength of the current study, and findings from this study may be generalizable to similar populations of women with a desire to prevent weight gain. The nutrition education component of this intervention not only provided credible nutrition information, but also accountability and group support, all of which have been identified as facilitators to weight loss and weight loss maintenance [3] . Further, a majority of participants were compliant, indicating this was a feasible intervention with high participation. Although overall participant attrition was high at the conclusion of the intervention, nearly 75 % of the original sample remained through month 9 of the study, indicating that the intervention was realistic for free-living individuals.
This study is not without limitations. As previously mentioned, the final retention rate was moderate which limits statistical power of the study; thus, results should be interpreted with caution. However, a majority of individuals moved away from the area in the final month of the study and were unable to attend the final testing session. These "dropouts" were unique from women who chose to withdraw from the study for other reasons. While the use of free-living women was a strength, it was also a weakness as it is difficult to fully assess dietary intake and physical activity due to the limitations of self-report in addition to unmeasured and uncontrollable factors. Further, results from this study are only generalizable to women similar to those included in this study. More research is needed to target women of a wider range of ethnicities, education level and socioeconomic status. Future research should also examine weight gain prevention in men of this same age range, as well as postmenopausal women.
Conclusions
In conclusion, no differences between women who received the weight gain prevention intervention and those randomized to a control group were found, as a majority of women were able to prevent weight gain during the study. These non-significant findings suggest that weight gain prevention over one year is possible; however, longer follow up periods are necessary. Clinically meaningful or significant benefits of participation in this study may become apparent over time, but long-term follow up data are not available. As weight loss and weight loss maintenance remain a challenge for much of the population, future interventions should emphasize indicators of health beyond BW and utilize a health promotion and weight gain prevention approach.
Abbreviations ANCOVA: analysis of covariance; BF%: body fat percentage; BMI: body mass index; BW: body weight; CON: control group; CSG: counselor group; FM: fat mass; GOAL: Groningen Overweight and Lifestyle; HDL-C: high-density lipoprotein cholesterol; IRB: Institutional Review Board; LDL-C: low-density lipoprotein cholesterol; MET: metabolic equivalent; RDG: registered dietitian group; TG: triglycerides.
